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CROSS REFERENCE TO RELATED ART 

This application claims the benefit of Korean Patent Application No. 2000-3574, filed on 
January 26, 2000, which is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical recording medium defect management 
method, and more particularly, a method of formatting a rewritable optical recording medium. 

Discussion of the Related Art 

Generally, an optical recording medium is classified into three types depending on 
whether or not data can be repeatedly recorded on the medium: a read only memory (ROM) 
type, a write once read many (WORM) type, on which data can be written only once, and a 
rewritable type, on which data can be repeatedly written. 

As a repeatedly rewritable disc, there are two types: a rewritable compact disc (CD-RW) 
and a rewritable digital versatile disc (DVD-RAM, DVD-RW). In case of such a rewritable 
optical disc, as a write/read operation of information is repeatedly performed, the mixing ratio of 
the mixtures that constitute a recording layer for recording information thereon becomes 
different from the initial mixing ratio. The mixing ratio loses the characteristic of the recording 
layer itself, and this causes an error to occur during the write/read operation of the information. 

This phenomenon is called deterioration, and a deteriorated area appears as a defect area 
during the performance of optical disc initializing, writing, and reading commands. Also, in 
addition to deterioration, a defect area of a rewritable optical disc may be caused by a scratch on 
the disc surface, fine dust on the disc, error during production of the disc, etc. Accordingly, 
management of such a defect area is required in order to prevent data from being written/read on 
the defect area formed by the above-described causes. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method of formatting optical recording 
medium that substantially obviates one or more of the problems due to limitations and 
disadvantages of the related art. 
5 It is an object of the present invention to provide a formatting method which can 

perform a valid and effective formatting even where an error occurs during the slipping 
replacement due to the lack of the spare area. 

It is another object of the present invention to provide a defect management method for 
efficiently using the recording medium. 
10 Additional features and advantages of the invention will be set forth in the description 

which follows, and in part will be apparent from the description, or may be learned by practice 
of the invention. The objectives and other advantages of the invention will be realized and 

■J\: 

C|; attained by the structure particularly pointed out in the written description and claims hereof as 
^ well as the appended drawings. 

B In order to achieve the above object, there is provided a method of formatting a recording 

ili medium having a predetermined recording capacity including a spare area. The method 

l v . comprises the steps of: registering defective segment addresses corresponding to defective 
H segments in a first defect list in the recording medium; performing a first defect replacement in 

I =1; response to the defective segment addresses in the first defect list; determining a first defect 
I© replacement error, wherein the first defect replacement error is caused when a size of the 
defective segments exceeds the spare area; checking un-slipped segments by determining a 
number of the defective segments not subjected to the first defect replacement due to insufficient 
spare area; and adjusting the predetermined recording capacity of the recording medium by the 
number of un-slipped segments. 
25 According to one aspect of the present invention, the first defect list is a primary defect 

list (PDL). Preferably, the first defect replacement is a slipping replacement. 

According to another aspect of the present invention, each defective segment comprises a 
defective block. Alternatively, each defective segment may comprise a defective sector. 

More particularly, according to the present invention, a method of formatting a rewritable 
30 optical recording medium comprises registering defective sectors in a primary defect lists (PDL) 
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and performing a slipping replacement corresponding to the number of PDL registrations, 
determining whether an error has occurred in the slipping replacement, and if it is determined 
that the error has occurred in the slipping replacement, adjusting a recording capacity of the 
optical recording medium by checking the number of un-slipped PDLs and reducing the 
5 recording capacity by the number of un-slipped PDLs. As a result, even if the error has occurred 
in the slipping replacement due to insufficient spare area, the PDL registration is still maintained 
without formatting error, thereby causing the optical recording medium to be usable. 

According to one aspect of the present invention, the recording capacity adjusting step 
changes recording capacity information written in a specified area of the optical recording 
10 medium. 

It is to be understood that both the foregoing general description and the following 
□ detailed description are exemplary and explanatory and are intended to provide a further 
C] explanation of the invention as claimed. 

B BRIEF DESCRIPTION OF THE DRAWINGS 

Li The accompanying drawings, which are included to provide a further understanding of 

;L the invention and are incorporated in and constitute a part of this specification, illustrate 

M embodiments of the invention and, together with the description, serve to explain the principles 

n j- : 

ig|: : of the invention. 

ft) FIG. 1 is a view conceptually illustrating the formatting structure of an optical disc; 

FIG. 2A is a view explaining a slipping replacement method; 
FIG. 2B is a view explaining a linear replacement method; 

FIG. 3 is a view illustrating an example of the structure where the spare area is allocated 
at the top of the data area; 
25 FIGs. 4A and 4B are views illustrating allocations of supplement and primary spare 

areas; 

FIG. 5 A is a view illustrating a full formatting with certification of the recording 
medium; 

FIG. 5B is a view illustrating a simple formatting without certification of the recording 
30 medium; and 
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FIG. 6 is a flowchart illustrating the formatting method of an optical recording medium 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be described with respect to the preferred 
embodiment illustrated in the annexed drawings (for example DVD-RAM). 

As shown in FIG. 1, the defective area of the optical disc is managed by placing defect 
management areas (DMAs) in a lead-in area 12 and a lead-out area 16 of the optical disc. A data 
area 14 is divided into zones for management, and each zone is divided into user and spare areas. 
The user area is where actual information data, such as audio/video data, is written. 
Alternatively, the spare area is used when a defect is produced on the user area. 

Generally, four DMAs exist in one disc. Two DMAs exist in the lead-in area, and the 
remaining two DMAs exist in the lead-out area. Each DMA is composed of two blocks, which 
correspond to 32 sectors in total (each block has 16 sectors.) 

The first block (i.e., DDS/PDL block) of the respective DMA includes a disc definition 
structure (DDS) and a primary defect list (PDL) 17, and the second block (i.e., SDL block) of the 
respective DMA includes a secondary defect list (SDL) 18. The PDL 17 represents a primary 
defect data storage section, and the SDL 18 represents a supplement defect data storage section. 

Generally, the PDL 17 stores therein defects produced during the disc manufacturing 
process, and entries of all the defective sectors identified during the formatting (i.e., 
initialization) and re-formatting (i.e., re-initialization) of the disc. The respective entry 
comprises sector numbers corresponding to the entry type and defective sector. 

In particular, the PDL 17 is a list of physical sector numbers (physical addresses) of 
sectors which are determined as defective at the manufacturing time or at the initial time, such as 
the application starting time. The sector numbers indicate sectors to be subjected to the 
replacement process (slipping replacement algorithm) by the slipping process in units of one 
sector. In the PDL 17, primary defect list identification data, the number of addresses as the 
number of defects, and physical sector numbers indicating defective sectors are described. 

The SDL 18 is listed in the unit of a block, and stores therein the entries of the defect 
areas produced after the formatting, and the defect areas that cannot be stored in the PDL during 
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the formatting. The respective SDL entry is composed of an area for storing the sector number of 
the first sector of the block where the defective block is produced, and an area for storing the 
sector number of the first sector of the block to be substituted therefor. 

In particular, the SDL 18 is a list for defective blocks having sectors which are 
determined as defective at the recording time other than the above initial time. That is, it is a list 
of the physical sector numbers (physical addresses) of the first or head sectors of defective 
blocks having sectors which are determined as defective when data are recorded for preset 
defective blocks and the physical sector numbers (physical addresses) of the first sectors of 
replacement blocks (spare blocks) which are used for replacement for the defective blocks. 

In the SDL 18, secondary defect list identification data, the number of entries as the 
number of defects, physical sector numbers indicating first sectors as the addresses of defective 
blocks and physical sector numbers indicating the first sectors as the defective blocks are 
described. The addresses of the defective blocks and the addresses of the replacement blocks for 
the defective blocks are described in one-to-one correspondence. 

Preferably, the defect areas (i.e., defective sectors or defective blocks) in the data area 14 
should be replaced by good or effective areas. This can be effected by either a slipping 
replacement or a linear replacement. 

The slipping replacement is used in the case where the defect area is registered in the 
PDL. As shown in FIG. 2A, if a defective sector exists in the user area where the actual data is 
written, the defect area is skipped over, and a good sector that follows the defect area is 
substituted for the defect area to write data thereon. At this time, the user area where the data is 
written is shifted to occupy the spare area as much as the skipped defective sector. That is, the 
spare area as much as the skipped defective sector is allocated as the user area. For example, if 
two defect areas are registered in the PDL, the data is written to the two shifted sectors in the 
spare area. 

The linear replacement is used in the case where the defect area is registered in the SDL. 
As shown in FIG. 2B, if a defective block exists in the user area, it is replaced by the 
replacement area allocated in the spare area in the unit of a block. In allocating the spare area, in 
addition to the method shown in FIG. 1, alternative allocation of the spare area may be 
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considered where the spare area is allocated only to one zone of the data area, or to a portion of 
the data area. 

FIG. 3 shows a method of placing the spare area at the beginning of the data area. At this 
time, the spare area is called a primary spare area (PSA) 22, and thus the remaining data area 
except the primary spare area 22 will be the user area 24. 

The PSA 22 is an area allocated during the formatting process. It may be allocated when 
the optical disc is manufactured by a disc manufacturer, or may be allocated when a user 
initializes a blank disc. 

If the defective sectors are registered in the PDL during formatting or re-formatting, no 
data is written in the defective sectors, and thus the recording capacity is reduced to that extent. 
Accordingly, in order to maintain the initial data recording capacity, the PSA is slipped into the 
user area in an area equal to the defective sectors registered in the PDL during formatting. That 
is, the physical sector numbers (PSNs) to which the logical start number (LSN=0) of the user 
area is given are changed in accordance with the defective sectors registered in the PDL during 
the formatting. 

If the PSA 22 becomes full as a result of slipping replacement or linear replacement, a 
new spare area may be allocated near the end of the user area as shown in FIG. 4A. The spare 
area is called a supplement spare area (SSA) 26. That is, since important data is recorded at the 
end of the user area, the supplement spare area 26 is not allocated at the end of the user area, but 
is allocated near the end of the user area. 

At this time, the position information of the supplement spare area (SSA) 26 is stored in a 
specified area of the optical disc (for example, in the SDL block of the DMA). The position 
information of the supplement spare area includes a start address (i.e., a first sector number) and 
an end address (i.e., a last sector number) of the allocated supplement spare area. The size and 
position of the supplement spare area can be recognized using the position information. 

Also, when needed, the supplement spare area 26 can be increased as shown in FIG. 4B. 
In this case, the position information of the supplement spare area is also stored in the SDL 
block of the DMA. Since the position information of the supplement spare area 26 has been 
already stored in the SDL block, only the start address of the stored position information of the 
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supplement spare area 26 is updated. In other words, the position information or address of the 
supplement spare area 26 is updated whenever the supplement spare area 26 is increased. 

For the defect area management of the optical disc allocated with the above-described 
spare area, defective sectors or defective blocks are registered in the PDL or SDL. To operate 
around the defective sectors or blocks, either the linear replacement or the slipping replacement 
method may also be applied and used. 

According to the linear replacement method, an optical pickup is moved to the spare 
area, and then moved again to the user area to write the data of the defective block registered in 
the SDL in the replacement block allocated to the spare area. Thus, system performance may 
deteriorate due to the repetition of the above-described process. 

The reason for re-formatting is to increase the performance of the system by moving or 
reallocating the defective sectors registered in the SDL to the PDL and reducing continuous 
linear replacement. 

Re-formatting is generally classified as a formatting through certification (for example, 
full formatting) and a simple formatting without certification (for example, conversion of SDL to 
G2-list). In the simple formatting, the P-list is not changed after any formatting. In the case of 
G2-list, since the defective blocks in the SDL are stored as the defective sectors, any good sector 
included therein is considered to be the defective sector. 

Specifically, as shown in FIG. 5A, during full formatting of the recording medium, the 
old DMA information is read and all the data areas except the defective sectors registered in a 
protection area and in the P-list of the old PDL are certified. Thereafter, the P-list of the old 
PDL is converted as-is into the P-list of a new PDL. Also, the Gl-list, G2-list, and old SDL of 
the old PDL are deleted. Instead, only the defective sectors found during the certification 
process are registered in the Gl-list of the new PDL. 

As shown in FIG. 5B, during simple formatting of the recording medium for converting 
the SDL to the G2-list without certification, the old DMA information is read and the sectors in 
the P-list, Gl-list, and G2-list of the old PDL are converted as-is into the P-list, Gl-list, and G2- 
list of the new PDL. Also, the old SDL entries are converted into 16 PDS entries. The 
corresponding SDL entries are deleted, and then the converted entries are registered in the G2- 
list of the new PDL. 




8 



• 

Attorney Docket No.: 2080-3-01 



Through the re-formatting processes described above, the defect information in the SDL 
moves into the PDL. The slipping replacement to the spare area is produced corresponding to 
the number of the PDL registrations. 

Accordingly, if an error is produced for the lack of the sufficient spare area during the 
5 slipping replacement, it is processed as a formatting error, and the corresponding optical disc is 

considered to be useless and had to be discarded. In particular, there is great probability that 
such a problem occurs in the case where the spare area is insufficient for the number of PDL 
registrations. 

The present invention relates to the reduction of the recording capacity by the number of 
10 un-slipped PDLs from the whole recording capacity of a recording medium, such as an optical 

disc, during formatting of such medium. This is to prevent an error caused by insufficient spare 
C5 area even if the error occurs during the slipping replacement due to the lack of the spare area. 

\i This may be achieved by registering the error as the PDL to continuously perform the defect 

management, and simultaneously excluding or reducing the corresponding portion from the 
jf 5 whole recording capacity. 

U FIG. 6 illustrates a flowchart illustrating a method of formatting an optical disc according 

to a preferred embodiment of the present invention. Referring to FIG. 6, if a formatting 
^. command is inputted (step 601), the defective blocks are registered as the PDL, and the slipping 

Uj replacement to the spare area is performed corresponding to the number of PDL registrations 

26 (step 602). This operation is performed irrespective of the formatting method (i.e., full 
formatting or simple formatting for conversion of SDL to G2-list). 

At this time, it is determined whether or not an error has occurred in the slipping 
replacement due to the lack of the spare area (step 603) in the recording medium. If it is 
confirmed that the error has occurred in the slipping replacement, it corresponds to the case that 
25 the allocated area of the spare area is insufficient in comparison to the total number of PDL 
registrations. In this case, although the defective blocks can be continuously registered in the 
PDLs, the slipping replacement is not performed due to the lack of the spare area. According to 
the conventional method as described above, such case is processed as a disc error, and the disc 
is determined to be useless. 
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According to the preferred embodiment of the present invention, the following steps are 
performed. In particular, if the error occurs in the slipping replacement, the number of un- 
slipped PDLs is confirmed (step 604). 

If the number of un-slipped PDLs is determined at step 604, the recording capacity 
totaling the number of up-slipped PDLs is excluded from the whole recording capacity (step 
606). Since the defective blocks registered as PDLs are excluded from the logical sector 
numbers (LSNs) thereafter, no data can be written in the defective blocks. 

On a recording medium, such as DVD-RAM, LSNs are assigned to physical sectors of 
the user area in order starting from the inner periphery to consecutively show only the sectors 
used for recording data. Generally, it is known to one of ordinary in the art that the area that 
records user data and is composed of sectors that have been assigned an LSN is called the 
volume area. 

According to the conventional method, the defect management is performed in a manner 
that this portion is slipped to the spare area without changing the entire recording capacity. 
However, since the slipping replacement error generally occurs due to the insufficient spare area, 
any further slipping replacement cannot be performed. 

According to the present invention, because the corresponding portion is excluded from 
the entire recording capacity instead of not performing the slipping replacement, the PDL 
registration can be continuously performed. In this case, the entire recording capacity may be 
reduced, but the fatal error may be prevented that renders the optical disc to become useless due 
to the lack of the spare area. 

The adjustment of the entire recording capacity can be performed in various ways. 
However, since the information on the whole number of LSNs is written in the DMA in case of 
the DVD-RAM, the adjustment is performed to match the adjusted recording capacity. 

As described above, according to the optical recording medium and the formatting 
method according to the preferred embodiment of the present invention, the problem where the 
optical recording medium becomes useless when an error occurs in the slipping replacement 
during the formatting can be solved. This enables an effective use of the optical recording 
medium. 
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Although the preferred embodiment of the present invention has been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, additions 
and substitutions are possible, without departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 



11 



